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INTRODUCTION 
Both male and female genitalia provide useful taxonomic characters 
especially where several characters are required for analytical purposes 
in the developing field of numerical taxonomy. Furthermore, in the 
fundamental ecology of Empoasca fabae (Harris), the form and functioning 
of the reproductive apparatus attain primary significance in behavior and 
ethology for the systems may fail to function under certain conditions 
of stress. 
This study was undertaken recognizing that the key to developing 
appropriate terminology for use with taxonomic characters, and to under­
standing either natural or induced malfunctioning of the reproductive 
process lies in clearly charting the development of the systems. The 
male and female reproductive systems were observed using dissection and 
histological techniques applied to specimens collected at various points 
during postembryogenesis in order to elucidate the origins of the finite 
structures, and to provide a description of the developmental process 
between eclosion from the egg and the maturation of reproductive adults. 
2 
Mft.IERIA.LS MD METHODS 
An infestation of E. fabae was maintained on broad bean, Vicia faba 
L.J in the Iowa State University Insectary greenhouse. The infestation 
originated with the collection of leafhoppers from potato plants growing 
in the vicinity. Reference specimens from this infestation are preserved, 
dry on points and in alcohol, in the Iowa Insect Collection. 
Fifth-instar nymphs were collected with an aspirator from greenhouse 
culture cages and placed individually in 1.2-inch X 1.2-inch plastic snap-
box cages, with a circular one-fourth inch opening. A three to four-inch 
cut stem of V. faba extending for about one inch into the snap-box 
provided a feeding substrate. The opposite stem-end was inserted into a 
plastic floral waterpick containing distilled water. Absorbent cotton 
was wrapped about each stem to prevent escape and to form a protective 
juncture between stem and cage. Nymphs handled in this manner through 
the final molt provided opportunity to collect adult leafhoppers of 
uniform age relative to the final molt. 
Observations of individually caged nymphs were made at 12-hr inter­
vals . Groups of individuals which had molted during a 12-hr period were 
removed to clear plastic sandwich boxes, 4.8-inch X 4.8-inch X 1.5-inch, 
which contained foliage-bearing stems of V. faba. The sex ratio was 
sufficiently balanced to assure matings. From such groups males and 
females of one to ten days were available for study of adult development. 
Groups of nymphs including all instars were collected from the green­
house culture cages for developmental studies. After fixation, the 
different instars were separated into five groups (first through fifth 
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instars) according to the distinguishing characters presented by Fenton 
and Hartzell (1923). 
Ad.ult male and female E. fabae for dissection were collected from 
the greenhouse cultures. These were fixed with 10 per cent formalin 
for 2h hr and stored in 70 percent ethyl alcohol for later use. 
Dissections were accomplished by embedding the specimens in a warm 
paraffin-beeswax mixture (3:l) and allowing this to harden. Stainless 
steel insect pins with the points flattened into blades, were used to 
remove embedding material from the specimen to be dissected. Dissections 
were made with minuten nad.elji similarly fashioned. Each completed 
dissection was washed with Wright's blood stain (O.l g stain in 60 ml 
absolute methyl alcohol) to enhance differentiation of minute structures. 
Specimens for histological sectioning were fixed in Duboscq. and 
Brasil's fluid (Galigher and Kozloff, 1964). After 12 to 2.k hr fixation 
they were washed with 80 percent ethyl alcohol and stored in this 
solution until the time when they were subjected to standard dehydration 
through a graded series of ethyl alcohol solutions in preparation for 
nitrocellulose infiltration. 
The procedures of Davenport (i960) and. Galigher and Kozloff (1964) 
for double infiltration with nitrocellulose and paraffin were modified 
and combined for the technique used in this work. The specimens were 
soaked for 48 hr in absolute ethyl alcohol-anhydrous ethyl ether 
solution (l:l) and permeated for 48 hr with 2 percent nitrocellulose 
solution (Parlodion^  Mallinckrodt Chemical Works). After permeation, 
the specimens were passed through two 24 hr chloroform baths to 
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harden the nitrocellulose and clear them for paraffin infiltration. One-
half of the second chloroform bath was replaced with melted paraffin 
(Tissuemat®, m.p. Fisher Scientific Company) and placed at 6o°C in 
a paraffin oven. The specimens were infiltrated with paraffin in three 
12 hx baths and embedded in a fourth bath of pure, filtered paraffin. 
Embedded, specimens were refrigerated until sectioned. 
Embedded specimens were serially sectioned at 8|i on a. rotary micro­
tome, Paraffin ribbons were immediately affixed to glass slides with 
Mayer's albumin, flattened on a slide-warming table, and dried for 
2h hr at room temperature before staining. 
Sectioned, material was stained regressively with standard alum 
hematoxylin and counterstained with eosin Y (Galigher and Kozloff, 1964). 
The sections were mounted in a synthetic resin (Permouni^ , Fisher 
Scientific Company) and dried at 50°C in a slide-drying oven. 
Whole mounts for genitalia studies were subjected to the standard 
treatment of concentrated potassium hydroxide, dehydration with an 
ethyl alcohol series, clearing with xylene, and mounting in a resinous 
material. 
Camera lucida drawings were made of genitalia rudiments of 
sectioned first, second, third, fourth, and fifth-instar nymphs. With 
the aid of an ocular grid, drawings of whole mounts and dissections were 
made on engineering drawing paper ruled into 2.5 cm squares. Photomicro­
graphs were prepared at the Iowa State University Agricultural Experiment 
Station Photography Laboratory. 
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RESULTS AED DISCUSSION 
Internal Structures of the Female Reproductive System 
Ovary 
Each primordial ovary in the first instar consists of four spindle-
shaped ovarioles which lie laterally in abdominal segments two and three. 
Each ovariole consists of anterior and posterior ovarian strands, and, a 
primary epithelial sheath, all mesodermal derivatives which encase the 
germinal tissue during embryogenesis (johannsen and Butt, 19^ l) (Fig. 2l). 
During the early first stadium primary oogonia are distinguishable. 
[Chese divide and form secondary oogonia that persist within the ovarioles 
throughout stadia one through four (Fig. 22). 
The anterior and posterior strands of the ovariole appear to be 
anucleate early in the stadium. There are, however, two large cells 
resting in the expanded base of each strand. These divide repeatedly 
and some of the cells migrate into the strands before the first molt. 
The anterior and posterior strands will form the terminal filaments and 
pedicels, respectively, of later instars. 
In E. fabae the primary epithelial sheath, of single-cell thickness, 
surrounds the germ cells and persists throughout the female's development. 
This primary sheath of the hemipteran, Oncopeltus fasciatus (Dallas), 
differentiates into outer and inner epithelial sheaths (Wick and Bonhag, 
1955; and Bonhag^  1958). 
The second stadial germarium (Fig. 23)  is longer and wider than 
that of the first stadium. The germinal tissue within it resembles that 
of the late first stadium except that the secondary oogonia are more 
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numerous. The terminal filaments (anterior strands) are similarly 
organized except there are more cells lying in the anterior portion of 
the strand. The basal area is very dense with small, ovoid nuclei. The 
tips of the posterior strands fuse during the early second stadium 
forming the primordium of the lateral oviduct. Mitotic activity is 
often apparent along the strands. 
The posterior strand tissue differentiates during the early third 
stadium into the pedicel and an apical mass of cells which forms the 
prefollicular tissue of the mature germarium (Figs. 2k and 25). Pre-
follicular tissue during the third stadium is a compact mass of cells. 
These cells become conspicuously flattened by the fourth stadium 
(Fig.  26).  
During the third and fourth stadia there is little change in the 
germinal tissue from that of the second stadium. The germarium is 
larger and the terminal filaments are fused anteriorly forming a 
suspensory ligament. The ligament is attached to a posterior prothoracic 
phragma. Pedicel length is increased by repeated mitotic divisions of 
the epithelial cells. A well defined pedicellar lumen, apparent during 
the third stadium, is confluent with the lumen of the lateral oviduct. 
During the fifth stadium the secondary oogonia are noticeably 
modified from the condition existing in previous instars (Figs. 27 and 
28). The secondary oogonia differentiate into three definite masses 
of tissue. The posterior mass occupies approximately one-eighth the 
length of the germarium and consists of primary oocytes. (Mitotic 
divisions are not seen in this tissue subsequent to the formation of 
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the three masses.) These lie just anterior to the layer of prefollicular 
tissue previously described. Anterior to the oocytes is a region con­
taining a few large cells which extends approximately to the middle of 
the germarium. Within this area will develop the trophic core of the 
definitive germarium. The apical one-half of the germarium is occupied 
by macronucleate cells with large nucleoli and coarse chromatin. These 
primordial cells will differentiate into the different types of trophic 
tissue present within the definitive germarium. The different cell 
types will be explained in the discussion of the adult ovary. 
The terminal filament of the fifth and adult stadia is a small, 
apparently syncytial strand with the nuclei arranged singly along its 
length. The enlarged basal area is disorganized in the fifth instar 
possibly as a result of an increase in its length. 
After the final molt the germarium is similar, if not identical, 
to that described for the fifth instar (Fig. 29). However, by the 
second day of the adult stadium, the trophic tissue becomes organized 
into three distinct areas (Figs. 30 and 31)• Bonhag (1958) called these 
trophic tissues Zones I, II and III. Zone I trophocytes lie in the apex 
of the germarium. All stages of mitotic activity are present since it 
presumably serves as a regenerative zone for Zones II and III. The 
posterior portion of Zone I is occupied by cells which are mitotically 
arrested. These form the intermediate stage between Zones I and II. 
Posterior to the "arrested cells" lies a narrow band, of nuclear 
aggregates comprising Zone II. There is no indication of cell boundaries 
about nuclei within the aggregates, therefore one would assume this 
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to be a true syncytium. Zone III contains extremely large nuclei which 
apparently are the products of further nuclear aggregation from the 
nuclei of Zone II. These are arranged about a central cytoplasmic area, 
the trophic core. The trophic core bears posteriorly a large number of 
cytoplasmic, trophic cords which convey the nutritive material from the 
trophic tissues to young oocytes (Fig. 33)• Trophic cords are maintained 
until approximately the time of chorion formation (a function of the 
follicular epithelium). These are the principle characteristics which 
distinguish the telotrophic or acrotrophic ovariole. 
Wick and Bonhag (l955) described the differentiation and eventual 
breakdown of transient, small and. giant nuclei in the germarium of 
0. fasciatus. Such nuclear breakdown made available large quantities 
of deoxyribonucleic acid. Similar nuclei have not been found in 
E. fabae germaria, although Feulgen-positive material (DWA) has been 
found in sections of the trophic core and trophic cords. This is 
probably best explained as a result of chemical decomposition of the 
large nuclear aggregates in Zone III. 
Posterior to the trophic zones is the mass of prefollicular tissue, 
described previously, which contains numerous primary oocytes. As an 
oocyte begins to take on yolk-forming material it, of course, begins to 
enlarge. The germinal vesicle (oocyte nucleus) is displaced to one 
side of the cell as yolk material is deposited. The germinal vesicle 
is approximately three times larger than the nucleus of primary oocytes 
in the germarium. 
Oocytes become displaced posteriorly forming the vitellarium of 
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the ovariole. (The definitive ovariole includes a terminal filament, 
germarium, vitellarium and pedicel (Figs. 1 and 2).) The displacement 
is best explained as displacement of the germarium toward the thorax of 
the animal. The germaria during the early adult stadium lie approximately 
in the region of the first abdominal segment whereas, later they extend 
into the metathorax. 
Young oocytes are surrounded, by many prefollicular epithelial cells 
which divide repeatedly forming a mononucleate follicular epithelium 
(Fig. 32). Wick and Bonhag (l955) described the formation of binucleolate 
nuclei which later formed binucleate follicle cells in 0. fasciatus. 
The anterior follicular epithelium is columnar but as an oocyte enlarges 
the epithelium becomes progressively altered into cuboidal epithelium 
and eventually into squamous epithelium about larger oocytes in the 
posterior portion of the ovariole. 
There are areas composed of interfollicular tissue separating the 
follicles in the vitellarium (Fig. 3^ ). An interfollicular zone consists 
of a mass of essentially unmodified prefollicular cells which were 
shunted into the vitellarium with the oocyte. A tissue of similar 
origin called the epithelial plug which lies adjacent to the anterior 
epithelium of the pedicel is simply the interfollicular tissue of the 
first follicle in the vitellarium. In the mature, ovipositing adult 
the interfollicular zones of subsequent oocytes become the epithelial 
plugs. 
When a mature, yolk-laden, chorion covered oocyte is discharged, 
the anterior epithelial layer of the pedicel is disrupted. This portion 
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of the pedicel does not reorganize. Instead, the space is occupied by 
the epithelial plug of the next oocyte. Before the next oocyte moves 
into the area previously occupied by the discharged oocyte, the ovariole 
wall collapses. The follicular epithelium forms in the lumen a necrotic 
mass of tissue which has been called the "corpus luteum" (Fig. 35)-
(The so-called corpus luteum of insects does not function as an endocrine 
gland as it does in the mammalian ovary. It may be a yellow body, but 
this is the extent of analogy between the tissues.) The material 
from the corpus luteum evidently breaks down eventually and empties 
into the pedicel from whence it is discharged with the oocytes. 
Lateral oviduct 
The lateral oviducts are differentiated during the later part of 
the second stadium. They extend posteriorly to the lateral body wall of 
the eighth abdominal segment where they meet and fuse with lateral 
branches of the median oviduct. The lumina of the lateral oviducts are 
not confluent with those of the median oviduct branches until the fourth 
stadium. 
The epithelium of cuboidal cells is a layer of single-cell thickness. 
The nuclei are relatively long in the nymphal oviducts, but those in the 
definitive ducts jxe spherical. The definitive oviduct walls become 
greatly distended as mature, yolk-laden oocytes pass toward the median 
oviduct causing their epithelial cells to resemble those in the squamous 
follicular epithelium about mature oocytes in the vitellarium. 
The diameter of the lateral oviducts (l0-12|j,) remains relatively 
constant from their differentiation through the fourth stadium (Figs. 
11 
24; 25 and 26). The diameter increases somewhat (l5-17|i) during the 
fifth stadium (Fig. 27) and is approximately doubled in the young adult 
(30-32^ )(Fig. 36). In the young adult the calyx or anterior portion 
which receives the pedicels, has a diameter of approximately . 
Median oviduct 
The median oviduct is differentiated from a large ampulla (a hollow 
mass of undifferentiated ectodermal tissue) which lies, during the first 
stadium, at the base of the first valvular rudiments (Fig. ll). The 
first rudiments are ventral lobes on the posterior of abdominal sternum 
eight. The ampulla differentiates into two lateral branches during the 
second stadium (Figs. 13a and l4a). Each branch has a large lumen, 
a product of the ampullar cavity, which in turn probably originates from 
the embryonic hemocoel. The epithelium of the branches consists of 
columnar cells with large, spherical nuclei. 
The branches appear to retract toward the mid-region during the late 
fourth or early fifth stadia. This is probably a result of the animal's 
growth rather than an actual retraction of the ducts. Nonetheless, their 
relative position is altered. The epithelia of the branches become fused 
forming a large duct with two lumina (Fig. l^ a). The wall between the 
lumina is broken down late during the fifth stadium forming a duct 
typical to that of the adult. 
The oviduct epithelium is continuous posteriorly with the tissue 
into which the genital chamber invaginates. Their lumina probably 
become confluent at the time the oviduct gains a single lumen. The 
genital chamber tissue is rapidly differentiated and grows over the 
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posterior portion of the oviduct. This will be further discussed in the 
following section. 
The median oviduct of the adult is a short tube which receives the 
lateral oviducts anteriorly (Fig. 36). The posterior opening of the 
median oviduct into the genital chamber represents the true female gono-
pore (Snodgrass, 1935). This is not to be confused with the functional 
external genital opening of the genital chamber. The oviduct lies 
ventrally in the body cavity between abdominal segments five and six, 
however, with the onset of oviposition it usually comes to lie within 
abdominal segments six and seven, being displaced posteriorly by mature 
oocytes. The oviduct walls, of which the outer portion is a thin layer 
of longitudinal muscle, are relatively thick. The epithelium is composed 
of cuboidal cells with large, spherical nuclei. 
A chitinous intimai lining of the median oviduct, typical of most 
ectodermal ducts (Snodgrass, 1935), was not observed. This might be 
explained by the fact that its lumen is not formed as an invagination 
of the nymphal body wall as is the case with the genital chamber. The 
ampullar tissue, though of ectodermal origin, may not secrete chitinous 
material. 
Genital chamber 
The genital chamber originates during the second stadium as a 
transverse invagination on the posterior margin of abdominal segment 
eight (Fig. 13b). It lies anterior to the first valvular rudiments. 
The invagination is a broad, flat tube which extends dorsally in the 
body cavity and bends slightly anteriad. The ectodermal ampulla of the 
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median oviduct lies on the anterior aspect of the invaginated tissue. 
The epithelium of the genital chamber is composed of cuboidal cells, 
in single or multi-strata, with spherical nuclei frequently in mitosis. 
In the adult these cells are surrounded, by a thick layer of longitudinal 
and circular muscle. 
Beginning during the second stadium the genital chamber continues 
to invaginate throughout the nymphal stadia. The anterior portion of 
the genital chamber extends over the external wall of the median oviduct 
producing two large folds which become the definitive spermatozoal 
pouches (Fig. 15c). The walls of the anterior genital chamber and 
posterior portion of the median oviduct are greatly convoluted in the 
region of the pouches (Figs. 37 and 38). Sections of this region reveal 
spermatozoa lying among the convolutions and within the pouches of mated 
adult females. 
The entire eighth abdominal sternum and the anterior portion of 
the ninth abdominal sternum invaginate during the late fifth stadium. 
The invagination of the eighth sternum forms the ramal sac of the adult 
(Figs. 1 and 4o). Clear evidence that the anterior portion of the ninth 
sternum is invaginated is shown by the fact that the single, median 
accessory gland arises as an invagination between the second valvular 
rudiments (Fig. 13c) which are ventral lobes of abdominal sternum nine. 
The attachment of the definitive accessory gland however, is on the 
posterior aspect of the genital chamber dorsal to the external opening. 
Therefore, the wall about the external genital opening is composed of 
tissues derived, from both the eighth and, ninth sterna. 
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Spermatozoal pouches and, spermatheca 
Development of the spermatozoal pouches has been discussed in a 
previous section. 
The epithelium of the pouches is composed of large cuboidal cells 
with large nuclei having distinct nucleoli and coarse chromatin 
material (Fig. 4l). This suggests that the pouches may have a secretory 
role in addition to functioning as receptacles for spermatozoa. 
Sections and whole mounts of dissections show that a common peri­
toneum encases the pouches, genital chamber, and median oviduct (Fig. 39)-
The pouches completely cover the posterior, lateral portions of the 
median oviduct and their lumina open dorsally into the genital chamber 
near the point of union of the median oviduct and genital chamber. 
Doyere (1837), Gadd (1910) and Cogan (1916) described a pair of 
small, tubular glands anteriorly confluent with the genital tracts of 
several species of cicadids and cicadellids. Evans (1931) described a 
pair of kidney-shaped glands similarly located in some Australian 
cicadellids. These correspond in position to the spermatozoal pouches 
of E. fabae and are no doubt homologous structures. 
The spermatheca arises during the second stadium as an evagination 
from the left lateral aspect of the genital chamber invagination (Fig. 
13c). In longitudinal section it appears as a club-shaped, anteriorly 
directed structure. Its epithelium is similar to that of the genital 
chamber during the second stadium, remaining unchanged through the 
early fifth stadium when its apex is expanded. The epithelium of the 
definitive spermatheca is altered to a single layer of cuboidal cells 
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with characteristically spherical nuclei. 
The club-shaped spermatheca of the adult lies on the left dorso­
lateral aspect of the genital chamber and extends approximately to the 
region of the spermatozoal pouches (Figs. 1 and 37). The extension and 
further invagination of the genital chamber subsequent to the second 
stadium carries the spermatheca forward such that in the adult the 
spermathecal duct arises from the posterior ventrally extended portion 
of the genital chamber. 
Neither spermatozoa nor secretory material have been detected in 
the lumen of the spermatheca during its development, following copulation, 
or during subsequent periods of oviposition. Spermatozoa are ejaculated 
directly into the genital chamber of females that have remained in copulo 
for one hour or more. Presumably they migrate to the spermatozoal 
pouches where they have been detected following copulation. Spermato-
phores are not produced in the Homoptera-Auchenorrhyncha (Maillet, 1959)-
The generalized system described by Snodgrass (1935) shows the 
spermatheca as a derivitive of abdominal sternum eight. In E. fabae 
the spermatheca appears homologous to similar structures in other 
Homoptera-Auchenorrhyncha. Various authors (Dufour, I825 and 183^ ; 
Doyere, 1037; HolJUgren, l899j Kershaw, 19IO; Cogan, 1916; Myers, I928; 
Evans, 193I; Metcalf, 1932; Strubing, 1955; Torres, 1963; and Gil-
Fernandez and Black, I965) have recognized the organ as a spermatheca, 
seminal receptacle, bursa copulatrix, or accessory-gland reservoir in 
several cicadellids, cercopids, fulgorids and cicadids, but have not 
substantiated these functions through experimentation or critical 
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observation. 
In several Hemiptera, Carayon (l95^ ) described organs which assume a 
spermathecal function and in further work (1964) found the spermathecal 
condition a useful taxon in classifying the oxycarenine lygaeids. In 
some it is vestigial or completely lost whereas, in others it is well 
formed and has assumed a secretory role. An organ which he called the 
"sac de I'oviducte" is attached on the dorsal aspect of the genital 
tract and functions as a spermatozoal reservoir. This appears to be 
functionally homologous to the spermatozoal pouches of E. fabae. 
Accessory gland 
The origin of the single, median accessory gland has been described 
in a previous section. 
The gland epithelium during the nymphal stadia consists of cells 
very similar to those of the genital chamber and other ectodermal 
derivatives. It increases extensively in length during the nymphal 
stadia, particularly during the fifth stadium. During the early fifth 
stadium it extends to the region of the median oviduct and rests on the 
right dorso-lateral aspect of the oviduct and genital chamber. During 
the late fifth stadium the gland cells divide extensively extending it 
forward into the body cavity to a position between the lateral oviducts. 
Dorsal to the aperture of the definitive gland into the posterior 
genital chamber wall, the gland forms a loose coil then turns anteriad 
in the body cavity. With the onset of secretory activity, gland cell 
size is greatly increased and causes it to extend further in the body 
to the region of the ovaries (Fig. l)• 
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The cells of the definitive gland have large basal nuclei embedded 
in distinctly basophilic cytoplasm. The antebasal cytoplasm is filled 
with acidophilic vacuoles of secretory material and the gland lumen is 
filled with secretion. Along the gland lumen are small triangular nuclei 
positioned between adjacent secretory cells. These are common along its 
entire length except at the attachment to the posterior genital chamber 
wall where a- relatively thick intima and a non-secretory epithelium are 
evident (Fig. 42). Henrici (l9'+0) described similar nuclei lining the 
lumen of thoracic ectodermal glands of several Hemiptera. He called 
these "Kerne der Kanalzellen", presumably interpreted as nuclei of 
endothelial cells of the glands. Shinn (1952) found similar nuclei, 
which she interpreted as "epithelial cells of the tubular gland", between 
the repugnatorial gland cells of 0. fasciatus. Without additional 
investigation, it would be mere conjecture to assign origin or function 
to these in the accessory gland of E. fabae. 
The single, median accessory gland appears to occur in most 
Homoptera-Auchenorrhyncha. Dufour (1825 and 183^ ), Doyere (1837)3 and 
Myers (1928) described the occurrence of such glands in several species 
of cicadids. Evans (1931) and Gil-Fernandez and Black (1965) described 
similar glands, but Cogan (1916) described large, paired glands attached 
posteriorly on the genital tract in the cicadellids. Kershaw (1910) 
described a similar gland as a colleterial gland occurring in a large 
fulgorid which sticks its eggs to the surfaces of leaves. These authors 
have variously referred to the glands as colleterial glands, sebiferous 
glands or Dufour's gland. Snodgrass (l935) applies the term "colleterial 
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gland" to one which secretes a substance that attaches eggs to a substrate, 
or that glues masses of eggs together. Until such a function of the 
gland is demonstrated in E. fabae I should prefer to designate it as the 
accessory gland of the female reproductive system. 
Since the accessory gland aperture is dorsal to the external genital 
opening, it may secrete some protective solution about the egg upon 
oviposition. It is conceivable that such secretions may polymerize or 
otherwise contribute to forming some restrictive environment for the egg 
and developing embryo within host plant tissues. 
Internal Structures of the Male Reproductive System 
Testis 
The definitive testes, which lie in abdominal segments two and 
three, each consist of four testicular follicles (Pig. . The distal 
ends of the follicles extend toward the lateral aspect of the body wall. 
The vasa efferentia meet approximately between the two segments. 
The primordium of each testis consists of four small masses of 
tissue located in the same position as the definitive organs (Fig. 43). 
Each primordial follicle consists of three primary tissues during the 
first stadium; primary spermatogonia, a primary epithelial sheath and 
a proximal strand. The tissues are derived from the same layers as those 
of the ovariole primordia. 
The epithelial sheath, of single-cell thickness, persists throughout 
postembryonic development. The organization of the proximal strand is 
similar to the posterior strand of the primordial ovariole. The four 
strands of each primordial testis fuse during the second stadium forming 
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the primordium of the vas deferens. Each strand differentiates during 
the second stadium into a short vas efferens (Fig. 44) which resembles an 
ovarian pedicel of the third stadial female, however, there is no 
differentiation of tissue similar to prefollicular tissue. 
The primary spermatogonia remain undifferentiated throughout the 
first stadium. Mitotic figures are apparent in the follicles during 
the second stadium and during the third stadium the follicles contain 
both primary and secondary spermatogonia (Fig. 4$). Coincident with or 
soon after the first spermatogonial divisions, the cells undergoing 
division become partitioned into cysts bounded by very thin membranes. 
Cyst formation in the germarium occurs throughout postembryonic develop­
ment and since either mitotic or meiotic divisions occur synchronously 
within the cysts only one developmental stage is present at a particular 
time. 
During the fourth and fifth stadia the follicles contain primary 
spermatogonia in an apical germarium, cysts of secondary spermatogonia, 
and cysts of primary spermatocytes. Testicular follicles of the adult 
contain all developmental stages (Figs. 48 and 4$). After their 
formation, spermatids migrate to the basal portion of the cyst and. are 
aligned along the cyst wall. Here they transform into spermatozoa with 
the flagella extending toward the apex of the follicle. 
The testicular follicles of many insects have one or more apical 
cells (Snodgrass, 1935; Imms, 1957; and Wigglesworth, 1965) serving 
trophic functions similar to that of the ovarian trophic tissues. 
Such a cell or cells have not been found in the testicular follicles of 
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E, fabae, however, cells similar to the trophocytes in the testes of the 
lygaeid, 0. fasciatus, described by Bonhag and Wick (1953) are present 
(Fig. 48). These lie between the membranes of adjacent cysts. Robertson 
and Gibbs (1937) described what they termed, "satellite cells" associated 
with the cysts of different developmental stages in the testes of 
Philaenus spumarius Linnaeus. They suggested a nutritive function 
similar to that of mammalian Sertoli cells. According to Carson (l9'l-5) 
apical cells are not present in all Hemiptera and Homoptera that have 
been studied. Kornhauser (l9l4) described such cells in the testes of 
two membracid species. Bonhag and Wick (1953) described the apical 
cell complex in the testes of 0. fasciatus. The search of the literature 
revealed no evidence for the occurrence of apical cells in the testes 
of cicadids, cicadellids, or fulgorids. 
Vas deferens 
Each vas deferens is differentiated during the third, stadium from 
the primordium established by the fusion of the proximal strands of the 
testicular follicle primordia (Fig. 45). Its histology is similar to 
that of the lateral oviduct of the second stadial female. The ducts 
extend posteriorly in the body cavity into the ninth abdominal segment 
where they meet and fuse with short, lateral ejaculatory duct branches. 
The vas a deferentia remain as small, delicate ducts 25 to 3Cp, in 
diameter in the adult. The posterior tip of each becomes dilated during 
the fifth stadium forming seminal vesicles. Sections show them filled 
with spermatozoa soon after the final molt (Fig. 49). 
The vasa deferentia of the adult extend into segment seven and turn 
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anteriad for a short distance, then expand into the seminal vesicles 
which extend posteriad. The accessory gland ducts and seminal vesicles 
open in close proximity into the ejaculatory ducts. 
Ejaculatory ducts 
The ectodermal portion of the efferent system consists of paired 
ejaculatory ducts and a median, common ejaculatory duct or bulb (Figs. 
51 and, 52). The paired ducts, bulb, and accessory glands are derivatives 
of an ectodermal ampulla in the ninth abdominal segment similar to the 
ampulla of the female eighth segment. It lies at the base of the 
primary genital lobes of the first and second nytnphal instars (Figs. 
16b and 17a). 
The ampulla differentiates during the third stadium into three 
primary areas (Figs. l8a, b, c and d.). A latero-ventral branch on each 
side forms the accessory glands, the anterior portion forms the paired 
ejaculatory ducts, and the dorsal portion forms the ejaculatory bulb. 
A short invagination is formed between the bases of the mesomeres during 
the late third or early fourth stadia which becomes confluent with the 
cavity of the ejaculatory bulb. This invagination in the male is the 
only ectodermal derivative homologous with an organ of the female repro­
ductive system (Snodgrass, 3.935) • The single, median accessory gland of 
the female and the posterior or invaginated portion of the ejaculatory 
duct are homologous derivatives. 
The original opening of the ejaculatory duct invagination is the 
true male gonopore, but it lies at the base of the aedeagus during the 
fifth and adult stadia, a position resulting from the fusion of the 
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mesorneres along their median dorsal and ventral edges. The continuation 
of the efferent duct in the newly-formed aedeagus is the endophallus 
(Snodgrass, 1935)-
The paired ejaculatory ducts are short tubes during the third and 
fourth stadia which extend anteriorly into the body cavity of abdominal 
segment eight (Fig. l8b). Their length is increased, during the fifth 
stadium to the extent that the definitive duct tips lie in abdominal 
segment seven. This growth in addition to an increase in length by the 
ejaculatory bulb directs the posterior portions of the vasa deferentia 
anteriad. EJaculatory duct and ejaculatory bulb epithelia are continuous 
and a common layer of longitudinal muscle covers both structures (Fig. 
51). 
The ejaculatory bulb is a single chambered structure during the 
third and fourth stadia (Fig, l^ d). In the fifth and adult stadia there 
is a constriction on the bulb approximately one-third of its length from 
the posterior tip and a second, smaller chamber is formed, within the 
bulb (Figs. 20a and 52). The posterior chamber is probably the result 
of differential growth of the bulb epithelium or it is a product of the 
invagination at the base of the mesomeres. In the adult the chambers 
are separated by a flap of tissue which extends into the posterior 
chamber. It would appear that this operates as a valve between the 
chambers during ejaculation. Spermatozoa and seminal fluid from the 
accessory glands could be pumped into the large anterior chamber by 
contraction of the ejaculatory duct and ejaculatory bulb muscles. 
Subsequent contractions of the ejaculatory bulb would force the contents 
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of the anterior chamber into the posterior chamber and endophallus. 
The anterior chamber of the ejaculatory bulb is lined with an 
epithelium of small cuboidal cells. A chitinous intima has not been 
observed in the bulb or paired ducts. Since they are derived from an 
ectodermal ampulla an explanation similar to that given for the absence 
of the intima in the median-oviduct may also apply here. The thick 
muscle layer of the bulb consists primarily of circular muscle with an 
outer, thin layer of longitudinal muscle. 
Paired ejaculatory ducts may be present or absent in the Homoptera-
Auchenorrhyncha. They are said not to occur in the cicadids (Dufour, 
1825; and Myers, I928) and. fulgorids (Kershaw, 19IO). George (1929) 
related that paired ejaculatory ducts do not occur in P. spumarius and 
further adduced that they do not occur in the higher Insecta. However, 
Metcalf (1932) recognized paired, lateral ejaculatory ducts in her 
study on the postembryonic development of P. spumarius. Cogan (1916) 
recognized only the common ejaculatory duct in the cicadellids that he 
studied, but Evans (1931) and Gil-Fernandez and Black (1965) described 
them for this group. Rakshpal (19^ +1) described the development of paired 
ejaculatory ducts in an aleyrodid (Homoptera-Sternorrhyncha). The 
foregoing would indicate need for a critical comparative study on the 
development of the efferent genital ducts in the Homoptera-Auchenorrhyncha 
and related groups. 
The common ejaculatory duct has been recognized in all of the 
Homoptera-Auchenorrhyncha that have been studied. However, only a few 
have described it as a dilated pumping organ (Kershaw, 19IO; %-ers, 1928; 
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and Evans, 1931). Metcalf (1932) and Rakshpal (19^ 1) described its 
development as an invagination of the ectoderm rather than the combina­
tion of invaginated tissue and. growth from an ectodermal ampulla as in 
E. fabae. 
Accessory glands 
The paired accessory gla^ nds of the male arise during the third 
stadium from latero-ventral branches on each side of the ectodermal 
ampulla. The developing glands extend anteriad in the body cavity 
parallel to the ejaculatory ducts and. vasa deferentia. The nyniphal 
epithelium consists of small cuboidal cells with proportionally large, 
round nuclei. 
The adult accessory glands range in length from 2.0-2.5 mm. They 
are not extended far into the body cavity, but become folded, upon them­
selves . Each gland occupies an area approximately 1.0 mm in length with 
the gland ducts extended mesad, to meet the ejaculatory ducts slightly 
posterior to the seminal vesicles (Fig. 5)- The glands together com­
pletely surround the seminal vesicles and anterior portion of the 
ejaculatory ducts. 
The proximal portion of each gland is approximately 110|j, in diameter. 
Each gland tapers gradually toward the distal end to a diameter of 
approximately 5Cp,. The epithelial cells may be cuboidal or columniar 
with large nuclei and a very coarse chromatin material (Fig. 50). A 
uniform staining reaction was observed in the cytoplasm of the male 
accessory gland cells. 
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Since spermatophores are not produced in Homoptera-Auchenorrhyncha 
(Maillet, 1959)? the male accessory glands probably secrete a seminal 
fluid for transporting spermatozoa during copulation. In histological 
sections of males taken during copulation, or males taken while not 
copulating, the glands always appear empty, however, this does not 
necessarily indicate a lack of secretory activity. The secretory material 
could be soluble in any of several preparatory solvents or the chemical 
constituents may react negatively to nuclear and cytoplasmic stains. 
The accessory glands of cicadids were recognized by Dufour (1825) 
as long, coiled seminal vesicles. Myers (1928), Kershaw (19IO), and 
Cogan (1916) described the paired, accessory glands opening onto the 
proximal portion of the common ejaculatory duct of cicadids, a fulgorid, 
and some cicadellids respectively. Evans (1931) and Gil-Fernandez and 
Black (1965) described the accessory glands similar to those of E. fabae 
among other cicadellids. George (1929) related their derivation in 
P. spumarius to distal dilations of the vasa deferentia, however, 
Metcalf (1932) related their origin to evaginations of the paired, 
lateral ejaculatory ducts. According to Snodgrass (1935) the male 
accessory glands usually arise from the common ejaculatory duct or from 
lateral branches of the duct and that there is usually but one pair of 
accessory glands. 
It would appear from the foregoing review that the accessory glands 
of the Homoptera-Auchenorrhyncha are derivatives of ectoderm and that 
their opening into the genital tract marks the general point of fusion 
of mesoderm and ectoderm. 
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External Genitalia of the Female 
Among insects there are two basic types of ovipositors, one con­
sisting of an extensible abdomen, the other having prong-like gonapophys 
on the venter of the abdomen (Snodgrass, I963). This latter type is 
best developed in the Hemiptera and Homoptera-Auchenorrhyncha (Snodgrass 
1935). 
The external genitalia of E. fabae consists of three pairs of 
valvulae (Fig. k) that are held on the venter of the genital capsule 
in a-longitudinal depression. The genital capsule consists of the 
fused tergal and sternal plates of segment nine. 
The flat, heavily sclerotized first valvulae comprise the lateral 
portion of the ovipositor shaft. The second valvulae are long, heavily 
sclerotized blades comprising the median portion of the ovipositor. 
Their sinuate tips extend, posteriad. beyond the first valvulae. The 
third valvulae, referred to as the ovipositor sheaths, are lightly 
sclerotized, flexible, knife-shaped structures which extend beyond the 
posterior tip of the abdomen. The sheaths are firmly attached within 
the depression on the venter of segment nine and ensheath the first 
and second valvulae (ovipositor) when the female is not ovipositing. 
An extension of each first valvula, ramus 1, extends anteriad to 
a remnant of the invaginated eighth sternum which Cunningham (1962) 
called the genital plate. An inner ramus, ramus 2, extends anteriad 
from each second valvula, but turns dorsad and ends as a curved rod in 
the wall of the genital chamber lateral to the external genital opening. 
Snodgrass (1933) described the ovipositor of the large cicadellid, 
Airiblydisca gigas Fowler and the cicadid. Magicicada septendecim (Linnaeus). 
Each first valvula of A. gigas hears two anterior rami; the outer ramus 
is similar to ramus 1 of E. fabae and the inner ramus is closely 
associated with the single ramus (ramus 2) of the second valvula. Balduf 
(1933) described the ovipositor of Draeculacephala mollipes(Say) which 
closely resembles that of A. gigas. Cunningham and Ross (1965) suggested 
that an inner ramus is closely associated, with ramus 2 of E. fabae. Such 
has not been observed in dissected or caustic-treated specimens of 
E. fabae during this study. Thus, the outer ramus may be correctly 
referred to as simply, ramus 1, contingent upon the demonstration of 
inner extensions of the first valvulae. 
Cunningham and Ross (1965) described a small rod-shaped sclerite 
arising mesad from the proximal end of each ramus 2 that extends caudo-
ventrad into the genital capsule. This was called the ramal extension. 
The sclerite is suggestive of the second valvifer described for A. gigas. 
The genital plate forms the posterior wall of a sac-like structure, 
the ramal sac, formed by the invagination of sternum eight during the 
late fifth stadium. A large, apodeme-like plate extends anteriad from 
the dorsal portion of the genital plate and supports the ramal sac. The 
sac lies dorsad to the ventral abdominal wall formed by the subgenital 
plate or sternum seven, which extends posteriad over the bases of the 
ovipositor and the narrow, transverse genital opening situated between 
the ovipositor rami. Prior to copulation the lateral parameres of the 
male pry the subgenital plate down and enter the ramal sac. This act 
pulls the sac into a position somewhat perpendicular to the longitudinal 
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axis of the female and aligns the aedeagus with the female's external 
genital opening (Cunningham, I962). 
During the first stadium the female bears two pairs of primary 
genital rudiments on the eighth and ninth abdominal sterna (Figs. 11 
and 12). The anterior rudiments are borne from the posterior margin of 
the eighth sternum and lie ventral to the posterior rudiments attached 
on the anterior margin of the ninth sternum. The posterior rudiments 
form by the second stadium, median and lateral pairs of secondary 
rudiments. The anterior, median, and lateral rudiments are the primordia 
of the definitive first, second, and third valvulae respectively. The 
rudiments are referred, to here as first, second and third valvular 
rudiments owing to their relation to definitive structures. 
The form and development of the external genitalia of E. fabae 
(Figs. II-I5), mainly corresponds with that described in four primary 
papers; Kershaw and Muir (1922) on Homoptera-Auchenorrhyncha; Metcalf 
(1932) on the cercopid, P. spumarius; Couturier (l939) on the membracid, 
Ceresa bubalus Fabricius; and Dupuis (19^ 9) on the cicadellid, Ledra 
aurita Linnaeus. 
External Genitalia of the Male 
The external genital structures of adult male insects have long been 
used as specific characters for indentification. Seldom have taxonomists 
and morphologists observed these structures during development, but 
have commonly named them according to their form, function, or position 
in the adult. Consequently, their true homology is obscured by the 
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diversity of names applied disregarding embryonic and postembryonic 
development. 
Snodgrass (1957) attempted to solve this problem in his re-inter­
pretation of external genital structures of male insects. In most 
higher insects the genitalia arise from a pair of rudimentary phallic 
lobes of the ninth abdominal sternum. In those that possess a median 
intromittent organ and clasping organs, the structures are derived from 
secondary lobes of the primary rudiments. These are termed mesomeres 
and parameres. The mesomeres fuse to form the aedeagus (intromittent 
organ) and the parameres form the clasping organs. 
The external genital complex of E. fabae (Fig. 6) consists of an 
aedeagus and two pairs of parameres rather than one pair as in many 
insects. The aedeagal sclerite is very slender proximally, but is 
expanded near its distal end and narrows to a blunt tip. The broad 
portion of the aedeagus contains the endophallus, thus the ejaculatory 
duct enters at its posterior part. The phallotreme opens at the distal 
end, but the true gonopore lies at the point of entry of the ejaculatory 
duct. The shaft of the aedeagus lies adnate with the ninth sternum and 
is joined with the basal plate, a triangular-shaped connective sclerite 
apparent only in the adult, that forms a fulcral point for the aedeagus 
(posteriorly) and median parameres (laterally). The basal plate is 
probably formed during the late fifth stadium from the anterior portion 
of sternum nine as a sclerotization of the area between the aedeagus 
and median parameres. 
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The median parameres have been called styles (Ossiannilsson, 
et al., 1956) and harpagones (Snodgrass, 1935)- They extend parallel 
to the genital plates. Each paramere is slightly curved on its mesal 
margin and the distal tips extend caudo-laterad. The mesal margin of 
each tip is sinuate and the opposite lateral margin bears a tuft of 
small setae. A proximal apodeme extends anteriad into the eighth seg­
ment from the lateral fulcral point at the basal plate. These serve 
as points for attachment of lateral muscles inserted in the body wall 
and muscles which extend between the two apodeme s. 
The lateral parameres are attached on the anterior ventro-lateral 
aspect of sternum nine, adjacent and dorsal to the attachment of the 
genital plates. DeLong (1931) described the lateral parameres as 
"lateral processes of the pygofer". Each paramere is rounded on its 
inner margin and broadened on the apical one-half which narrows to an 
attenuated tip that curves mesad. Lower (1951) coined the term brachone 
for the lateral paramere, meaning arm of the pygofer, Ossiannilsson, 
et al. (1956) called the parameres upper genital styles. This 
expression indicates some relationship to the styles (median parameres), 
although it probably was not intended to indicate their common origin. 
Cunningham (1962) attributed the origin of the lateral parameres 
to a separation of a thickened, inrolled margin of the pygofer. The 
present study shows that both pairs of parameres are derived from a pair 
of common phallic rudiments following the formation of mesomeres from 
the primary phallic rudiments, 
The genital plates are long, broad, setose lobes, the dorsal 
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surface of which forms the floor of the genital atrium (the area beneath 
the ninth sternum in which the aedeagus and parameres lie). They extend 
posteriad to the tip of the abdomen where their distal, broadly rounded 
ends turn dorsad. 
According to Ossiannilsson, et al. (1956), the pygofer of Homoptera-
Auchenorrhyncha includes only the fused tergal and pleural plates or 
merely the tergum of abdominal segment nine. The genital plates, 
lateral parameres, median parameres and aedeagus are sternal in origin 
(Snodgrass, 1957 a-nd 1963). This certainly appears to be the case with 
these organs in E. fabae. Therefore, definitions relating any of these 
as lobes of the pygofer must be discarded and new definitions formed. 
The primary phallic rudiments during the first and second stadia are 
very small, rounded lobes of the ninth sternum which lie within a slightly 
depressed area (Figs. I6 and I7). The depression is covered ventrally 
by the dorsal portion of the genital plate rudiments. The large ecto­
dermal ampulla lies at the base of the phallic and genital plate rudi­
ments. Its epithelium is continuous with the rudiment epithelia. 
During the third stadium mesomeres differentiate from the primary 
phallic rudiments (Fig. l8c). During the fourth stadium the remaining 
pair of rudiments differentiate secondarily into two pairs of parameres, 
the median and lateral pairs, and the mesomeres become fused on their 
median dorsal and ventral edges forming the aedeagal rudiment (Fig. 
19c and d). 
The rudiments of the aedeagus, median and lateral parameres, and 
genital plates are well-formed structures by the fifth stadium. 
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The aedeagal rudiment is attached near the mid-line posterior to the 
other rudiments. The median paramere rudiments are posterior to the 
lateral paramere rudiments which are attached adjacent to the dorsal 
attachment of the genital plate rudiments. The genital plate rudiments 
are attached at the anterior margin of the ninth sternum (Fig. 20). 
The development of the external genitalia of E. fabae mainly 
corresponds with that described by Snodgrass (1957) and prominent 
papers dealing with the development of Homoptera-Auchenorrhyncha by 
Kershaw and Muir (1922), Pruthi (1925), George (1929), Metcalf (l932), 
Dupuis (19^ 9) and Qadri (194$). 
Sexual Differences in Nymphal Instars 
Sexes of the fifth-instar nymphs of E. fabae are distinguishable 
by close examination of the genitalial rudiments of living or prepared 
specimens. 
The first valvular rudiments of fifth-instar females extend 
posteriorly to approximately three-fourths the length of the ninth 
segment. They are free lobes along their entire length. The latero-
ventral aspects of the third valvular rudiments are apparent and 
extend parallel to the first valvular rudiments. The distal tips of the 
second valvular rudiments can be seen only if whole mounts are prepared. 
The mid-ventral length of sternum eight is approximately twice the mid-
ventral length of sternum eight on male nymphs (Figs. 7-IO). 
The proximal one-third of the male genital plate rudiments is 
covered by a common cuticle and the distal two-thirds of each rudiment 
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is a free lobe. These extend posteriorly to the distal end of the 
ninth segment and completely cover the phallic rudiments. 
Kershaw and Muir (1922) observed in P. spumarius that the sexes of 
second-instar nymphs could be differentiated and that by careful exami­
nation of prepared specimens they could, be separated in first-instar 
nymphs. Pollard (1962) reported distinguishing characteristics similar 
to those of E. fabae for the fifth-instar nymphs of the cicadellids, 
Oncometopia undata (F.) and 0. nigricans (Walker). 
The size or coloration of second, third, and fourth-instar nymphs 
of E. fabae is such that separation of the sexes of living animals may 
not be accomplished accurately. However, the sexes may be distinguished 
readily in whole mount preparations since the genitalia rudiments are 
well formed. 
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SUMMâRY 
The following statements summarize observations of reproductive-
system-development in E. fabae from the vantage points of gross dissec­
tion and histological section of specimens taken at various stages 
during postembryogenesis: 
1. The telotrophic ovarioles, lateral oviducts, testes and vasa 
deferentia are derived from mesodermal primordia established during 
embryogenesis. 
2. The median oviduct, paired male accessory glands, paired ejacu-
latory ducts and ejaculatory bulb do not arise as invaginations during 
postembryogenesis, but develop from ectodermal ampullae apparent during 
the first stadium. A chitinous intima is not apparent in the definitive 
structures. 
3. The genital chamber and spermathecal primordia are invaginations 
on sternum eight during the second stadium. A pair of spermatozoal 
pouches, on the anterior of the genital chamber, arise during the fifth 
stadium from folds of tissue which extend over the posterior portion of 
the median oviduct. The definitive genital tract wall is greatly 
convoluted in the region of the spermatozoal pouches, which in mated 
females contains many spermatozoa in addition to those within the pouches. 
Neither spermatozoa nor secretory material have been detected in the 
spermathecal lumen during its development, following copulation, or 
during subsequent periods of oviposition. 
4. The definitive female accessory gland arises from an invagination 
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on sternum nine during the second stadium. Its epithelium consists of 
large secretory cells with basophilic cytoplasm about the basal nuclei 
and its acidophilic, antebasal cytoplasm is filled with vacuoles of 
secretory material. Small, triangular nuclei lie at the lumen along the 
entire length of the gland between adjacent secretory cells. The origin 
or function of these has not been determined. The accessory gland opens 
dorsad to the genital opening, therefore it is conceivable that some 
protective solution may be secreted about the egg upon oviposition which 
may polymerize or otherwise contribute to forming a restrictive environ­
ment for the egg and developing embryo within host plant tissue. 
5. The male accessory glands presumably secrete a seminal fluid. 
The gland openings into the ejaculatory ducts mark the general point of 
fusion of mesodermal and ectodermal derivatives of the male reproductive 
system. 
6. The ejaculatory bulb has a large anterior chamber separated from 
a smaller posterior chamber by a valve-like flap of tissue which may 
function to increase the efficiency of the bulb as a sperm pump. 
7. The development of the female genitalia of E. fabae corresponds 
with that described by Dupuis (19^ 9) for the cicadellid, L. aurita. 
8. The development of male genitalia mainly corresponds with that 
in most higher insects. An exception lies with the fact that both lateral 
and median pairs of parameres differentiate lateral to the mesomeres 
(primordial lobes which form the aedeagus) instead of the usual single 
pair. 
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9. The pair of primary rudiments which form the second and third 
valvulae appears homologous to the pair of primary phallic rudiments. 
10. The sexes of fifth-instar nymphs are distinguishable on the 
basis of rudimentary genitalia. 
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Abbreviations Used in Figures 
Abd. S. Abdominal Segment 
A. Gld. Accessory Gland 
Aed. Aedeagus 
Aed. Rud. Aedeagal Rudiment 
Apl. Ampulla 
A. Val. Rud. Anterior Valvular Rudiment 
Apo. Apodeme of Sternum 8 
B. P. Basal Plate 
B. C. Body Cavity (=Hemocoel) 
Clx. Calyx 
etc. Cuticle 
E. Fol. Egg Follicle 
Ej. B. Ejaculatory Bulb 
Ej. D. Ejaculatory Duct 
Enphl. Endophallus 
Fol. Follicle (Testicular) 
G. Ops. Genital Capsule 
G. C. Genital Chamber 
G. P. Genital Plate 
G. P. Rud. Genital Plate Rudiment 
Grm. Germarium 
L. 0. Lateral Oviduct 
L. Pmr. Lateral Paramere 
L. Pmr. Rud. Lateral Paramere Rudiment 
1+5 
(Abbreviations Continued) 
Lgm. 
M. 0. 
M. Pmr. 
M. Pmr. Rud. 
Mmr. 
Pmr. Rud. 
Pdc. 
Phi. Rud. 
P. Val. Rud. 
R. S. 
R. 
S. Ves. 
Spt. 
Spt. D. 
S. Pch. 
8. 7, 8, or 9 
S. P. 
T. 8 or 9 
T. F. 
Vlf. 
Val. 
Val. Rud. 
V. D. 
Vtl. 
Ligament (=Suspensory Ligament) 
Median Oviduct 
Median Paramere 
Median Paramere Rudiment 
Mesomere 
Paramere Rudiment 
Pedicel 
Phallic Rudiment 
Posterior Valvular Rudiment 
Ramal Sac 
Ramus 
Seminal Vesicle 
Spermatheca 
Spermathecal Duct 
Spermatozoal Pouch 
Sternum 7, 8, or 9 
Subgenital Plate 
Tergum 8 or 9 
Terminal Filament 
Valvifer 
Valvula 
Valvular Rudiment 
Vas Deferens 
Vitellarium 
Fig. 1. Left ventre-lateral aspect: adult female reproductive system. 
Fig. 2. Dorsal aspect: left ovary of the adult. 
Fig. 3. Left lateral aspect: posterior abdominal segments of the adult female. 
Fig. 4. Left lateral aspect: posterior abdominal segments of the adult female 
(sclerites diagrammatic). 
r 
I 9^19 I 
FIO. 3 
Fig. 5- Dorsal aspect: adult male reproductive system (right testis, 
vas deferens and accessory gland removed). 
Fig. 6. Ventral aspect: male genitalia (ventral portion of the left 
genital plate removed). 
ENPHL. 
Fig, 7' Ventral aspect: posterior abdominal segments of a fifth-instar 
female. 
Fig. 8. Left lateral aspect: posterior abdominal segments of a 
fifth-instar female. 
Fig. 9. Ventral aspect: posterior abdominal segments of a fifth-
instar male. 
Fig. 10. Left lateral aspect: posterior abdominal segments of a fifth-
instar male. 
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I VAL. RUD. 
T 
FIG. 9 
RG. 10 
Fig. 11. Parasagittal section: posterior abdominal segments of a female nymph 
during the first stadium. 
Fig. 12. Horizontal section: posterior abdominal segments of a female 
nymph during the first stadium. 
Fig. 13. Parasagittal sections: posterior abdominal sterna of a female 
nymph during the second stadium. 
APL.-
t.VAL. RUO. 
FIG. II 
FIG. 19 A 
FIG. ISC 
Fig. l4. Horizontal sections: posterior abdominal segments of 
a female nymph during the third stadium. 
Fig. 15. Transverse sections: posterior abdominal sterna of a 
female nymph during the fifth stadium. 
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e.c. 
FIG 148 FIG. 14A 
FIG.ISA FIG.I9B 
Fig. 15. (Continued.) 
bY 
5. PC H. 
FIG.ISE FIG. IS F 
I C? 
FK3.ISH 
Fig. 16. Horizontal sections: posterior abdominal segments of a 
male nymph during the first stadium. 
Pig. 17. Horizontal sections: posterior abdominal segments of a 
male nymph during the second stadium. 
Fig. 18. Horizontal sections: posterior abdominal segments of a 
male nymph during the third stadium. 
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I 0.0» MM I 
O.RRUO.-
FIG.I7A 
6. P. AUO 
I Q.oaMM I 
FIG.I7B 
I got MM 
•PMR.RUO, 
Fig. 19. Horizontal sections: posterior abdominal segments of a 
male nymph during the fourth stadium. 
6.1 
FI6.I9A 
F16.I9C 
Fig. 20. Parasagittal sections: posterior abdominal sterna of 
a male nymph during the fifth stadium. 
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I. RUO. 
FI6.20D FIG. 20 C 
Fig. 21. Horizontal section: ovary primordium during the first 
stadium. A, anterior strand; B, primary oogonia; C, basal 
cell nucleus; D, posterior strand; E, mesenteron 
epithelium. (56OX). 
Fig. 22. Parasagittal section: ovariole primordium during the 
first stadium. A, mitotic figure within ovariole 
primordium. (lUoOX). 

Fig. 23. Horizontal section: ovariole primordia during the second 
stadium. A, terminal filament; B, secondary oogonia; 
G, fat body. (56OX). 
Fig. 2k. Horizontal section: ovariole primordia and lateral 
oviduct during the second stadium. A, terminal 
filament ; B, posterior strand.; C, lateral oviduct. 
(365%). 

Fig. 25. Horizontal section: ovariole primordia and lateral oviduct 
during the third stadium. A, secondary oogonia; B, pre-
follicular tissue; C, pedicel; D, lateral oviduct. (56OX). 
Fig. 26. Horizontal section: ovariole primordia during the fourth 
stadium. A, secondary oogonia; B, flattened prefollicular 
cells; C, pedicel, (56OX) 

Fig. 27. Horizontal section: ovarioles during the fifth stadium. 
A, trophic tissue; B, primary oocyte layer; C, pedicel; 
D, lateral oviduct. (56OX). 
Fig. 28. Horizontal section: ovariole during the fifth stadium. 
A, terminal filament; B, trophic tissue; C, area of 
trophic core; D, primary oocyte layer. (56OX). 

Fig. 29. Horizontal section: ovariole during the first day of the 
adult stadium. A, trophic tissue; B, trophic core; C, 
primary oocytes and prefollicular tissue. (56OX). 
Fig. 30. Horizontal section: ovariole during the second day of the 
adult stadium. A, terminal filament; B, Zone I trophocytes; 
C, Zones II and III. (56OX). 
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Fig. 31. Horizontal section: ovarioles during the fourth day of 
the adult stadium. A, Zone I trophocytes ; B, Zone II 
nuclear aggregates; C, Zone III nuclear aggregates; 
D, trophic core; E, primary oocytes and prefollicular 
tissue; F, thoracic musculature. (365X). 
Fig. 32. Horizontal section: ovariole germaria during the fourth 
day of the adult stadium. A, primary oocytes; B, 
prefollicular cells in mitosis. (56OX). 

Fig. 33. Horizontal section: egg follicle during the sixth day of 
the adult stadium. A, trophic cord; B, germinal vesicle; 
C, follicular epithelium. (56OX). 
Fig. 3^ . Horizontal section: ovariole pedicels during the fourth 
day of the adult stadium. A, epithelial plug; B, pedicel. 
(56QX). 

Fig. 35- Sagittal section: ovarioles during the sixth day of the 
adult stadium. A, interfollicular tissue; B, follicular 
epithelium; C, corpus luteurn. (365X). 
Fig. 36. Parasagittal section: female leafhopper during the second 
day of the adult stadium. A, pedicel; B, lateral oviduct ; 
Cj median oviduct. (l40X). 
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Fig. 37" Horizontal section: female leafhopper during the second day 
of the adult stadium. A, spermatozoa! pouch; B, spermatheca; 
C, convolutions ; B, genital chamber; spermathecal duct. 
(l40X). 
Fig. 38. Parasagittal section: genital chamber and median oviduct 
during the tenth day of the adult stadium. A, spermatozoal 
pouch; B, convolutions; C, spermatozoa. (56OX). 

Fig. 39- Whole mount: spermatozoal pouches. A, peritoneum; B, pouch 
epithelium. (460X). 
Fig. 4o. Parasagittal section: female leafhopper during the second day 
of the adult stadium. A, median oviduct; B, ramal sac; C, 
genital plate; D, genital chamber. (l40X). 

Fig. kl. Horizontal section: female leafhopper during the fifth day 
of the adult stadium. A, small triangular nuclei along 
accessory gland lumen; B, spermatozoal pouch; C, genital 
chamber. (l40X). 
Fig. 42. Horizontal section: female leafhopper during the second 
day of the adult stadium. A, accessory gland aperture; 
Bj small triangular nuclei along accessory gland lumen. 
(365X). 
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Fig. 43. Horizontal section: testicular follicle primordia dur.ng 
the first stadium. A, primary spermatogonia; B, proximal 
strands. (56OX). 
Fig. 44. Horizontal section: testicular follicle primordia during 
the second stadium. A, vas efferens; B, secondary 
spermatogonia; C, primary spermatogonia. (560X). 
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Fig. 45. Horizontal section: testicular follicle primordium during 
the third stadium. A, secondary spermatogonia; B, vas 
deferens. (56OX). 
Pig. 46. Horizontal section: testicular follicle primordium during 
the fourth stadium. A, germarium; B, cyst membrane. 
(56OK). 
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Fig. hj. Horizontal section: testicular follicles during the fifth 
stadium. A, germarium; B, vas efferens; C, vas deferens. 
(56QK). 
Fig. 48. Parasagittal section; testis during the first day of the 
adult stadium. A, trophocyte; B, germarium; C;, vas efferens; 
D, cyst of spermatozoa. (365X). 
«-WW 
Fig. 4$. Horizontal section: male leafhopper during the sixth day 
of the adult stadium. A, cyst of spermatids; testicular 
follicle; C, accessory gland; D, seminal vesicle filled 
with spermatozoa. (l40X). 
Fig. 50. Sagittal section: male accessory gland during the third day 
of the adult stadium. A, gland epithelium. (56OX). 

Fig. 51. Parasagittal section: male leafhopper during the sixth day 
of the adult stadium. A, ejaculatory bulb; B, ejaculatory 
duct; Gj• accessory gland. (365X). 
Fig. 52. Sagittal section: male leafhopper during the sixth day of 
the adult stadium. A, base of aedeagus; B, valve in 
posterior chamber; C, anterior chamber; D, muscle layers. 
(365X). 

